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Abstract. We perform a systematical investigation of the possible deuteron-like bound states with con-
figuration ΞccN(N¯), where N(N¯) denotes the nucleon (anti-nucleon), in the framework of the one-boson-
exchange-potential model. In the spin-triplet sector we take into account both the 3S1 and
3D1 channels
due to non-vanishing tensor force. There exist several candidates of the loosely bound molecular states
for the ΞccN and ΞccN¯ systems, which lie below the threshold of ΛcΛc or ΛcΛ¯c. We also investigate the
possible loosely bound states with configurations ΛcN(N¯) and ΣcN(N¯). These molecular candidates may
be searched for at Belle II and LHC in the near future.
PACS. XX.XX.XX No PACS code given
1 INTRODUCTION
Since the charmonium-like state X(3872) was discovered
by the Belle Collaboration in 2003 [1], more and more
charmonium-like/bottomonium-like states have been re-
ported by the experimental collaborations, such as Y (4260) [2,
3], Y (10610), Y (10650)[4,5], and Zc(3900) [6,7], et al.
Most recently, the LHCb collaboration reported two hidden-
charm pentaquark states, Pc(4380) and Pc(4450), in Ref. [8].
Such states are normally called “exotic” states since it
is very difficult to interpret them using the conventional
hadron configurations, i.e., qq¯ for a meson or qqq for a
baryon in the quark model. Thus searching for the new
hadronic states beyond the quark model has become a hot
topic. One can refer to Refs. [9,10,11] for recent reviews
on the experimental and theoretical progresses about the
exotic states in the past decades.
Since the masses of many “exotic” states are close
to the threshold of two hadrons, the hadronic molecule
provides us an appealing picture to interpret them. A
hadronic molecule is a loosely bound state formed by the
color-singlet hadrons and the force is generated by ex-
changing light bosons. Since the meson-exchange force is
some kind of residual force of the color force generated by
exchanging gluons between quarks, the hadronic molecule
may have a much larger size than the meson or baryon.
For example, the loosely bound deuteron is formed by the
a e-mail: lmeng@pku.edu.cn
b e-mail: n.li@fz-juelich.de
c e-mail: zhusl@pku.edu.cn
neutron and proton and its root-mean-square radius is
around 2 fm. The hadronic molecule composed of heavy
mesons was first proposed by Voloshin and Okun about
forty years ago. They investigated the possible molecular
states formed by one charmed meson and one charmed
antimeson [12]. De Rujula et al tried to interpret ψ(4040)
as a D∗D¯∗ molecular state in Ref. [13]. To¨rnqvist cal-
culated the possible deuteron-like DD¯∗ and D∗D¯∗ states
in Refs. [14,15]. Recently, many other calculations were
performed in the hadronic molecular picture, such as the
molecular states formed by two light baryons [16,17,18,
19,20,21,22,23], by two heavy baryons [24,25,26,27,28,
29,30], and by two heavy mesons [31,32,33,34,35,36,37,
38].
In 2002, the SELEX collaboration reported a doubly
charmed baryon with mass 3520 MeV, named Ξ+cc, which
contains two charm quarks and one down quark [39]. Later
this structure was confirmed by the same collaboration
[40]. In the conference report [41], another doubly charmed
baryon, Ξ++cc , containing two charm quarks and one up
quark was reported at 3780 MeV. Most recently, the dou-
bly charmed baryon Ξ++cc was observed by the LHCb col-
laboration at 3621.40± 0.72(stat)± 0.27(syst)± 0.14(Λ+c )
MeV/c2 [42]. Many theoretical work has been performed
to calculate the mass of the doubly charmed baryons [43,
44,45,46,47,48,49,50,51,52]. With more and more infor-
mation on Ξcc, it is very interesting to investigate the
structures formed by Ξcc and other mesons or baryons.
In Refs. [53], the authors studied the hadronic molecule
with configuration ΞccN , and in [30] we investigated the
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possible deuteron-like bound states of ΞccΞcc(Ξ¯cc). With
the new mass reported by LHCb, ΞccN(N¯) is about 13
MeV below the threshold of ΛcΛc, the possible ΞccN(N¯)
molecular states do not decay into ΛcΛc(Λ¯c) due to the
limit phase space. Moreover, the annihilation effect in the
ΞccN¯ channel is strongly suppressed compared with the
nucleon anti-nucleon case since the intermediate states are
either the doubly charmed exotic teraquark states or two
charmed mesons which are rather heavy. In the current
work, we investigate the possible hadronic molecules with
configurations BcN(N¯) or ΞccN(N¯), where Bc denotes Σc
or Λc while N(N¯) denotes the nucleon (anti-nucleon).
We organize the paper as follows. We give the the-
oretical formalism in Sec. 2, where the flavor wave func-
tions, Lagrangians, coupling constants and interaction po-
tentials are presented. In Sec. 3, we show the numerical
results of the doubly charmed baryon and nucleon systems
and give some discussions. We summarize our results in
Sec. 4. Finally, we collect some useful formulae and the
results of the singly charmed baryon and nucleon systems
in the Appendix.
2 FORMALISM
In the present work, we concentrate on the investigation
of the possible molecular states with configurations of
ΞccN(N¯), ΣcN(N¯) and ΛcN(N¯), where Λc and Σc is the
spin- 12 singly charmed baryons and Ξcc is the spin-
1
2 dou-
bly charmed baryon. Since we only consider the u and
d quarks in the light quark sector, the SU(2) symmetry
should be applied.
Λc is the isospin singlet and Σc is isospin triplet. To
be convenient, we construct matrices as
Σc =
Ö
Σ++c
1√
2
Σ+c
1√
2
Σ+c Σ
0
c
è
, Λc =
Ö
0 Λ+c
−Λ+c 0
è
. (1)
The doubly charmed baryon is simpler since only one light
quark is involved. We adopt Ξcc = (Ξ
u
cc, Ξ
d
cc)
T to denote
the isospin-doublet of the doubly charmed baryons, where
the superscripts, u and d, denote the light quark in the
baryon while “T” means the transpose of matrix. We also
perform an investigation of the possible molecular states
with configuration of ΞccN(N¯). We list the flavor wave
functions in Table 1.
2.1 The Lagrangian
The Lagrangians for the nucleon interacting with the light
mesons are,
LpiNN =
√
2gpiNN N¯iγ5MpiN, (2)
LρNN =
√
2gρNN N¯γµVµρN +
fρNN√
2mN
N¯σµν∂
µVνρN, (3)
LωNN =
√
2gωNN N¯γµVµωN +
fωNN√
2mN
N¯σµν∂
µVνωN, (4)
LσNN = gσNN N¯σN, (5)
where N = (p, n)T is the nucleon doublet. mN is the nu-
cleon mass and gpiNN , gρNN , fρNN , etc., are the coupling
constants, the values of which are given in Tables 2 and
3, respectively. The light mesons are introduced with the
following notations,
Mpi =
Ö
pi0√
2
pi+
pi− − pi0√
2
è
, (6)
Vµρ =
Ö
ρ0√
2
ρ+
ρ− − ρ0√
2
è
, Vµω =
Ö
ω√
2
0
0 ω√
2
è
, (7)
where Mpi, Vρ and Vω are the pi, ρ and ω fields, respec-
tively. Following the Ref. [54], the interactions between
heavy baryons and vector mesons can be introduced. Here
we do not show the coupling between the nucleon and η
because it is rather small. Similarly, the Lagrangians for
Ξcc interacting with the light mesons read,
LpiΞccΞcc =
√
2gpiΞccΞccΞ¯cciγ5MpiΞcc, (8)
LρΞccΞcc =
√
2gρΞccΞccΞ¯ccγµVµρΞcc
+
fρΞccΞcc√
2mΞcc
Ξ¯ccσµν∂
µVνρΞcc, (9)
LωΞccΞcc =
√
2gωΞccΞccΞ¯ccγµΞccVµω
+
fωΞccΞcc√
2mΞcc
Ξ¯ccσµν∂
µVνωΞcc, (10)
LσΞccΞcc = gσΞccΞccΞ¯ccσΞcc. (11)
The masses of the doubly charmed baryons, mΞcc , and the
values of the coupling constants, gpiΞccΞcc , etc., are given
in Tables 2 and 3, respectively.
For the interactions between Σc (Λc), the correspond-
ing Lagrangians read,
LpiΣcΣc = gpiΣcΣcTr
[
Σ¯ciγ5MpiΣc
]
, (12)
LρΣcΣc = gρΣcΣcTr
[
Σ¯cγµVµρΣc
]
+
fρΣcΣc
2mΣc
Tr
[
Σ¯cσµν∂
µVνρΣc
]
, (13)
LωΣcΣc = gωΣcΣcTr
[
Σ¯cγµVµωΣc
]
+
fωΣcΣc
2mΣc
Tr
[
Σ¯cσµν∂
µVνωΣc
]
, (14)
LσΣcΣc = gσΣcΣcTr
[
Σ¯cσΣc
]
. (15)
For the isospin-singlet baryon Λc, it only interacts with the
light isospin-singlet mesons. Namely, there are only two
interaction vertices, ΛcωΛc and ΛcσΛc. The corresponding
Lagrangians are similar to Eqs. (14-15).
2.2 Coupling Constants
The coupling constants for the nucleons interacting with
the light mesons are well-known. They are either extracted
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Table 1. The flavor wave functions for the systems with configurations of ΣcN , ΛcN and ΞccN . I denotes the isospin.
Systems Flavor wave functions Systems Flavor wave functions Systems Flavor wave functions
[ΣcN ]
I=3/2
Σ++c p
[ΣcN ]
I=1/2
√
2
3
Σ++c n−
√
1
3
Σ+c p
[ΞccN ]
I=1
Ξuccp√
1
3
Σ++c n+
√
2
3
Σ+c p −
√
2
3
Σ0cp+
√
1
3
Σ+c n
1√
2
(
Ξuccn+ Ξ
d
ccp
)
√
1
3
Σ0cp+
√
2
3
Σ+c n
[ΛcN ]
I=1/2
Λcp Ξ
d
ccn
Σ0cn Λcn [ΞccN ]
I=0 1√
2
(
Ξuccn− Ξdccp
)
Table 2. The masses of the one-charm baryon and light mesons
are taken from [55] while the mass for the doubly charmed
baryon is taken from [42].
Baryons Mass (MeV) Mesons Mass (MeV)
Nucleon 939 pi 137.27
Σc 2454 ρ 775.49
Λc 2287 ω 782.65
Ξcc 3621 σ 600
from the experimental data or calculated by the theo-
retical models. We take the values from Refs. [56,57,58].
The other coupling constants used in the current calcula-
tion can be derived from those of the nucleons interacting
with the light mesons through the quark model. The same
method as in Ref. [30] is adopted. For the doubly charmed
baryon case, we make use of the following relations,
〈p ↑ |LmNN |p ↑〉 = 〈p ↑ |Lmqq|p ↑〉, (16)
〈Ξucc ↑ |Lmhh|Ξucc ↑〉 = 〈Ξucc ↑ |Lmqq|Ξucc ↑〉. (17)
where “↑” means the third component of the spin is + 12 .
The matrix elements are calculated at both hadronic and
quark level. At the quark level, we adopt the following
Lagrangians [54],
Lq = gpiqq q¯iγ5Mpiq + gρqq q¯γµVµρ q
+gωqq q¯γµVµωq + gσqq q¯σq (18)
where q = (u, d)T is the light quark doublet. Here we
adopt the non-relativistic chiral quark model proposed by
Manohar and Georgi [59], in which the pseudoscalar gold-
stone octet as well as the vector and scalar mesons are
introduced as fundamental fields. Finally, we can obtain
the coupling constants used in the current calculation in
terms of those of the nucleon interacting with the light
meson. The specific expressions read,
– pi-exchange,
gpiΣcΣc =
4
√
2
5
mΣc
mN
gpiNN , gpiΛcΛc = 0, (19)
gpiΞccΞcc = −
1
5
mΞcc
mN
gpiNN , (20)
– ρ-exchange,
gρΣcΣc = 2
√
2gρNN , gρΞccΞcc = gρNN , (21)
gρΣcΣc + fρΣcΣc =
4
√
2
5
mΣc
mN
(gρNN + fρNN ) , (22)
gρΞccΞcc + fρΞccΞcc = −
1
5
(gρNN + fρNN )
mΞcc
mN
,
(23)
– ω-exchange,
gωΣcΣc =
2
√
2
3
gωNN , gωΛcΛc =
√
2
3
gωNN , (24)
gωΞccΞcc =
1
3
gωNN , gωΛcΛc + fωΛcΛc = 0, (25)
gωΣcΣc + fωΣcΣc =
4
√
2
3
mΣc
mN
(gωNN + fωNN ) , (26)
gωΞccΞcc + fωΞccΞcc = −
1
3
(gωNN + fωNN )
mΞcc
mN
,
(27)
– σ-exchange,
gσΣcΣc =
2
3
gσNN , gσΛcΛc =
1
3
gσNN , (28)
gσΞccΞcc =
1
3
gσNN , (29)
the numerical values of which are given in Table 3.
2.3 The Interaction Potentials
With the Lagrangians given in Sec. 2.1, we calculate the
scattering amplitude of the process B + N → B + N ,
where B and N represent the heavy baryon and nucleon
respectively. The potentials have the following forms,
V (Q) = Vcen(Q) + VSS(Q)OSS + VLS(Q)OLS + VT (Q)OT
(30)
where OSS = σ1 · σ2, OLS = (σ1+σ2)2 · (Q × k), and
OT = σ1 · Qˆσ2 · Qˆ − 3σ1 · σ2 are the spin-spin, spin-
orbit, and tenor operators, respectively. Q = p′ − p is
the momenta transfer while k = p
′+p
2 is the averaged mo-
menta between the incoming and outgoing nucleons. By
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Table 3. The numerical values of the coupling constants used
in the calculation. The values of the couplings for the nucleon
interacting with the light mesons are taken from Refs.[56,57,
58] (Notice that for the ωNN coupling constant, a slightly
larger value, 16.7 − 23.1 was determined in Ref. [60]). Others
are calculated through Eqs. (20 - 29).
h gpihh gσhh gρhh fρhh gωhh fωhh
N 13.07 8.46 3.25 19.82 15.85 0.00
Σc 38.65 5.64 9.19 59.01 14.95 63.17
Λc 0.00 2.82 4.60 -4.60 7.47 -7.47
Ξcc -10.08 2.82 3.25 -21.04 5.28 -25.67
performing the Fourier transformation, k is replaced by
−i∇ which provides the only nonlocal force in the current
calculation. Other nonlocal interactions, such as the recoil
effect, are very small and neglected. In the non-relativistic
limit, we expand V (Q) as series of Qmh and truncate at or-
der O(Q2
m2
h
), which coincides with the Bonn model [58].
At each vertex, we introduce a monopole form factor
F(Q) = Λ
2 −m2ex
Λ2 −Q2 =
Λ2 −m2ex
λ2 +Q2
(31)
to suppress the high-momentum contribution. Λ is the
cutoff parameter used to adjust the high-momentum con-
tribution. mex is the exchanged meson mass and λ
2 =
Λ2 − Q20. Additionally, the form factor also accounts for
the physics that the constituent hadrons should be viewed
as point-like particles in a molecular state since they are
well separated. Through the Fourier transformation,
V(r) = 1
(2pi)3
∫
dQeiQ·rV(Q)F2(Q), (32)
we can obtain the interaction potentials in the coordinate
space. The specific expressions will be given later.
If the form factor were not introduced, there would
be terms with a delta function, δ(3)(r), in the potentials
after the Fourier transformation. Such terms account for
the very short interaction and we call them contact inter-
action or delta interaction. More details can be found in
Appendix A. In order to investigate the role of the delta
interaction in the formation of the loosely bound states, we
make calculations both with and without the delta inter-
action. Our potentials with the delta interaction included
in the coordinate space are,
– Pseudoscalar exchange:
VpSS(r;α) = Cpα
g1pg2p
4pi
m3α
12M1M2
H1σ1 · σ2,
VpT (r;α) = Cpα
g1pg2p
4pi
m3α
12M1M2
H3S12(rˆ), (33)
– Vector exchange:
VvC(r;β) = Cvβ
mβ
4pi
[
g1vg2vH0 +
m2β
16M21
(g1vg2v + 4g2vf1v)H1
+
m2β
16M22
(g1vg2v + 4g1vf2v)H1
]
,
VvSS(r;β) = Cvβ [g1vg2v + g1vf2v + g2vf1v + f1vf2v]
× 1
4pi
m3β
6M1M2
H1σ1 · σ2,
VvT (r;β) = −Cvβ [g1vg2v + g1vf2v + g2vf1v + f1vf2v]
× 1
4pi
m3β
12M1M2
H3S12(rˆ),
VvLS(r;β) = −Cvβ
m3β
4pi
H2
[Å
g1vg2v
M1M2
ã
L · S
+
Å
g1vg2v + 2f1vg2v
2M21
+
f1vg2v
M1M2
ã
L · S1
+
Å
g1vg2v + 2f2vg1v
2M22
+
f2vg2v
M1M2
ã
L · S2
]
, (34)
– Scalar exchange:
VsC(r;σ) = −Csσmσ
g1sg2s
4pi
[H0 − m
2
σ
16M21
H1 − m
2
σ
16M22
H1],
VsLS(r;σ) = −Csσ
g1sg2s
4pi
Å
m3σ
4M21
+
m3σ
4M22
ã
H2L · S. (35)
In the above expressions, the superscripts p, s and v de-
note the pseudoscalar, scalar and vector mesons, respec-
tively. α = pi while β = ω and ρ. H0, H1, H2 and H3
are some functions with arguments, r, Λ and mex, refer
to Appendix A for their specific definitions. One can ob-
tain the potentials without the short-range delta interac-
tion straightforwardly by making the simple replacement,
H1 → H0. Cpα, Cvβ and Csσ are the isospin factors, the
values of which are given in Table 4. The isospin-isospin
factor is already included in Cpα, etc.. That is why the oper-
ator τ1·τ2 does not appear in Eq. (30). L·S(L·S1,L·S2) is
the spin-orbit operator which provides the nonlocal force
while S12(r) = σ1 · rˆσ2 · rˆ − 3σ1 · σ2 is the tensor force
which has a non-vanishing matrix element between the S
and D waves. Thus, we also take into account the S −D
mixing effect which plays a critical role in the formation
of the loosely bound deuteron. The matrix elements of the
operators are given in Appendix B.
The spin of the systems composed of two spin- 12 baryons
are 0 (spin singlet) or 1 (spin triplet). For the spin-singlet
case we focus on the 1S0 channel while for the spin-triplet
case we take into account both the 3S1 and
3D1 channels
due to the existence of the tensor force. The wave function
of the 1S0 channel reads,
Ψ(r, θ, φ)χssz = yS(r)|1S0〉, (36)
Lu Meng et al.: Possible hadronic molecules composed of the doubly charmed baryon and nucleon 5
Table 4. Values of the isospin factors for BcN and ΞccN . The
isospin factors of the BcN¯ and ΞccN¯ systems can be obtained
easily by multiplying the G-parity of the exchanged mesons.
The G-parity of the exchange mesons are given in the square
brackets.
Systems Cppi [-1] C
v
ρ [+1] C
v
ω [-1] C
s
σ [+1]
[ΣcN ]
I=3/2 1√
2
1√
2
1√
2
1
[ΣcN ]
I=1/2 −√2 −√2 1√
2
1
[ΛcN ]
I=1/2 0 0
√
2 2
[ΞccN ]
I=1 1 1 1 1
[ΞccN ]
I=0 −3 −3 1 1
while that of the spin-triplet channel is
Ψ(r, θ, φ)TχTssz =
Ö
TS(r)
0
è
|3S1〉+
Ö
0
TD(r)
è
|3D1〉,
(37)
where yS(r) is the radial wave function for the
1S0 channel
while TTS (r) and T
T
D are the radial wave functions for the
3S1 and
3D1 channels respectively.
3 Numerical results
We solve the Schro¨dinger equation with the potentials de-
rived in the previous section and obtain the binding energy
(B.E.) and the radial wave function, with which we further
calculate the root-mean-square radius rrms . The binding
energy and the root-mean-square radius provide us the in-
formation to judge whether a bound state exists. For the
coupled channels, we additionally calculate the individual
probability for each channel.
A reasonable range of the cutoff in the study of the
deuteron with the OBEP model is 0.80− 1.50 GeV. Since
the charmed baryon is much heavier than the nucleon, we
take a wider range, 0.80−2.50 GeV, for the cutoff param-
eter. Notice that in Ref. [61] an even wider range, around
0.80 − 3.60 GeV, was used for the cutoff parameter and
different values were used for different exchanged mesons.
The binding energy (B.E.) and root-mean-square ra-
dius (rrms) are physical observables, from which we can
judge if there are loosely bound states. The large B.E. and
small rrms are not consistent with the molecular scheme.
Recall the B.E. and rrms of deuteron are 2.22 MeV and
1.97 fm [58], respectively, we choose 0.5 <B.E.< 15 MeV
and 0.8 < rrms < 5 fm as criteria for good candidates of
molecular states. In the numerical analysis, we list some
results with B.E. and rrms beyond these ranges in order
to see the cutoff dependence of our results.
We show the numerical results for the spin-singletΞccN(N¯)
system in Table 5 and those for the spin-triplet ΞccN(N¯)
system in Table 6.
3.1 Spin-singlet (S = 0)
For the state [ΞccN ]
(0,1), with the full potential we obtain
binding solutions which depend sensitively on the cut-
off parameter. After removing the delta interaction, the
bound state disappears. Thus, this state is not supported
to be a candidate of the hadronic molecule. For the state
[ΞccN ]
(0,0), we obtain a loosely bound state with bind-
ing energy 0.49 < B.E. < 10.39 MeV for the cutoff to
be 2.20 < Λ < 2.80 GeV. Without the delta interaction,
the binding energy becomes 4.94 < B.E. < 61.79 MeV for
the cutoff to be 1.00 < Λ < 1.20 GeV. The root-mean-
square radius is a few fm. [ΞccN ]
(0,0) can form a hadronic
molecule with the meson-exchange potential.
The ΞccN¯ system is particularly interesting. We obtain
loosely bound states for both states with (S, I) = (0, 0)
and (0, 1). We show the interaction potentials in Fig. 1.
From the plots, one can see clearly that both the σ- and
ρ-exchanges generate the attractive force for the state
(S, I) = (0, 1) while both the σ- and pi-exchanges provide
the attractive force for the states (S, I) = (0, 0). In addi-
tion, the ω-exchange supplies the attractive force at long
range for both of the two states. For the state [ΞccN¯ ]
(0,0),
the binding energy is 4.98 < B.E. < 34.86 MeV for the
cutoff parameter to be 0.85 < Λ < 1.00 GeV. The corre-
sponding root-mean-square radius is 0.97 < rrms < 1.90
fm. Thus, the system [ΞccN¯ ]
(0,0) is favored to be a can-
didate of the hadronic molecule. More interestingly, we
obtain a loosely bound state for [ΞccN¯ ]
(0,1) both with
and without the delta interaction. The binding energy is
1.98 < B.E. < 44.15 MeV for the cutoff to be 1.05 < Λ <
1.20 GeV. With the same cutoff, the binding energy be-
comes 3.73 < B.E. < 35.18 MeV after neglecting the delta
interaction. In both cases, the root-mean-square radius is
around 0.90 < rrms < 2.5 fm. The [ΞccN¯ ]
(0,1) should be
viewed as an ideal candidate of the hadronic molecule.
3.2 Spin-triplet (S = 1)
For the state [ΞccN ]
(1,1), we obtain no binding solutions.
Although we obtain bound state for [ΞccN ]
(1,0), the re-
sults depend strongly on the cutoff parameter. Neither of
the two states is favored to be candidates of the loosely
bound states.
Very interestingly, we obtain loosely bound states for
[ΞccN¯ ]
(1,0/1), no matter the delta interaction is included
or not. We show the interaction potentials in Fig. 2. From
the plots, one can see clearly that for the state (S, I) =
(1, 0), the attractive force is generated by the ρ-, ω- and σ-
exchanges while for the state (S, I) = (1, 1), the attractive
force is provided by the pi-, ω- and σ-exchanges. With the
full potential, the binding energy of the state [ΞccN¯ ]
(1,0)
is 0.94 < B.E. < 64.58 MeV for the cutoff to be 0.95 <
Λ < 1.10 GeV. With the same cutoff, the binding energy
becomes 4.81 < B.E. < 77.01 MeV after one removes the
delta interaction. For this state, the contribution of the D
wave is around 2%− 5%, which is similar to the deuteron
case, about 4%. Based on our results, [ΞccN¯ ]
(1,0) can be
viewed a candidate of the hadronic molecule. The state
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Table 5. The binding solutions for the spin-singlet ΞccN(N¯) systems. “Λ” is the cutoff parameter. “B.E.” means the binding
energy while rrms is the root-mean-square radius.
With contact interaction Without contact interaction
Λ (GeV) B.E (MeV) rrms (fm) Λ (GeV) B.E (MeV) rrms (fm)
[ΞccN ]
(0,1)
1.28 8.51 1.17 × × ×
1.30 21.08 0.98
1.36 88.30 0.43
[ΞccN ]
(0,0)
2.20 0.49 5.07 1.00 4.94 2.06
2.40 2.36 2.95 1.10 25.75 1.07
2.50 5.67 2.09 1.20 61.79 0.78
[ΞccN¯ ]
(0,1)
1.05 1.98 2.97 1.05 3.73 2.26
1.10 9.78 1.52 1.10 10.80 1.46
1.20 44.15 0.85 1.20 35.18 0.93
[ΞccN¯ ]
(0,0)
0.85 4.98 1.90 0.90 0.47 4.73
0.90 13.35 1.31 0.95 24.73 1.06
1.00 34.86 0.97 1.00 80.35 0.71
πσρ
ω
total
w/o delta
0.0 0.5 1.0 1.5
-0.4
-0.2
0.0
0.2
0.4
r[fm]
V
11
[GeV
]
[ΞccN- ]I=1,S=0, Λ=1.1GeV
πσρ
ω
total
w/o delta
0.0 0.5 1.0 1.5
-0.4
-0.2
0.0
0.2
r[fm]
V
11
[GeV
]
[ΞccN- ]I=0,S=0, Λ=1.0GeV
Fig. 1. The interaction potentials for the spin-singlet (S = 0) ΞccN¯ . “w/o delta” means the delta interaction is removed from
the total potential.
[ΞccN¯ ]
(1,1) can form an even more loosely bound state.
The binding energy is 0.31 < B.E. < 38.99 MeV for the
cutoff to be 0.95 < Λ < 1.10 GeV. If one neglects the
delta interaction, the binding energy changes by a few
MeV. The root-mean-square radius of this state is about
0.90− 4.5 fm and the contribution of the D wave is tiny,
around 0.2% − 0.5%. [ΞccN¯ ](1,1) should also be taken a
ideal candidate of the hadronic molecule.
Finally, we show the radial wave functions for the state
[ΞccN¯ ]
(1,0/1) in Fig. 3.
4 DISCUSSIONS AND CONCLUSIONS
We have performed a systematic investigation of the possi-
ble deuteron-like bound states with configurationsBcN(N¯)
and ΞccN(N¯), where Bc means Σc (or Λc) while N(N¯) de-
notes the nucleon (anti-nucleon). In our calculation, the
one-boson-exchange potential model is applied. Since in
the hadronic molecule picture the constituent hadrons should
be taken as point-like particles, we apply one monopole
form factor for each vertex. By tuning the cutoff in the
form factor one can control the high-momentum contri-
bution. Additionally, to investigate the the effect of the
very short-range interaction we give the numerical results
both with and without the delta interaction.
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Table 6. The binding solutions for the spin-triplet (S = 1) ΞccN(N¯). “Λ” is the cutoff parameter. “B.E.” means the binding
energy while rrms is the root-mean-square radius. PS is the probability (%) of the S wave.
With contact interaction Without contact interaction
Λ (GeV) B.E (MeV) rrms (fm) Ps (%) Λ (GeV) B.E (MeV) rrms (fm) Ps (%)
[ΞccN ]
(1,1) × × × × × × × ×
[ΞccN ]
(1,0)
1.97 13.50 0.64 27.51 2.00 7.13 0.78 25.77
1.98 33.12 0.50 26.01 2.01 26.98 0.53 17.77
1.99 54.83 0.48 18.14 2.02 49.04 0.48 15.20
[ΞccN¯ ]
(1,1)
0.95 0.31 5.31 99.85 1.00 0.71 4.33 99.79
1.00 6.02 1.82 99.66 1.10 15.81 1.26 99.54
1.10 38.99 0.89 99.59 1.20 48.30 0.83 99.47
[ΞccN¯ ]
(1,0)
0.95 0.94 4.05 98.48 0.95 4.81 2.09 97.67
1.00 10.17 1.57 96.77 1.00 18.59 1.24 96.66
1.10 64.58 0.80 94.88 1.10 77.01 0.75 95.03
πσρ
ω
total
w/o delta
0.0 0.5 1.0 1.5
-1.5
-1.0
-0.5
0.0
0.5
r[fm]
V
11
[GeV
]
[ΞccN- ]I=1,S=1, Λ=2.0GeV
πσρ
ω
total
w/o delta
0.0 0.5 1.0 1.5
-0.6
-0.4
-0.2
0.0
0.2
0.4
0.6
r[fm]
V
11
[GeV
]
[ΞccN- ]I=0,S=1, Λ=1.1GeV
Fig. 2. The interaction potentials for the spin-triplet (S = 1) ΞccN¯ . Since the S wave plays the dominant role, we only plot
the potential for the 3S1 channel. “w/o delta” means the delta interaction is removed from the total potential.
For the spin-singlet (S = 0) case, we focus on the
1S0 channel while in the spin-triplet (S = 1) sector we
take into account both the 3S1 and
3D1 channels because
of the tensor force. Thus for the spin-triplet channels, a
two-dimensional coupled-channel Shro¨dinger Equation is
solved and the probability of the S wave is also given ac-
cordingly.
In the one-charm sector, without the coupled chan-
nel effects in the flavor space we obtain bound states for
neither spin-singlet or spin-triplet ΛcN . One can refer to
Ref. [62] for a coupled-channel analysis of this state. Our
results indicate that [ΣcN ]
(0, 32 ) and [ΣcN ]
(1, 12 ) can be
taken as the candidates of the hadronic molecule. The
ΛcN¯ system is very interesting. Because of the vanish-
ing tensor force for the spin-triplet case, the spin-triplet
states has the same numerical results as those of the spin-
singlet state. Both states can be viewed as the candidates
of the deuteron-like bound states. The [ΣcN¯ ] system is
also very interesting and all the spin and isospin multiplets
can form the loosely bound states by the meson-exchange
potentials. We also find that the delta interaction has big
influence on the ΣcN¯ system but it plays a small role in
the formation of the loosely bound ΛcN¯ state.
In the double-charm sector, none of the states [ΞccN ]
(0,1),
[ΞccN ]
(1,0), [ΞccN ]
(1,1) are supported to be the candi-
dates of the hadronic molecular states. However, the state
[ΞccN ]
(0,0) can form a loosely bound state with the meson-
exchange potentials. The ΞccN¯ is particularly interesting.
We obtain loosely bound states for all the four states:
(S, I) = (0, 0), (0, 1), (1, 0) and (1, 1), with the meson-
exchange potentials. For the [ΞccN¯ ]
(0,0/1) systems, the
delta interaction changes the binding energy by a few
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3S1,Λ=1.0GeV
3D1,Λ=1.0GeV
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-0.5
0.0
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[ΣcN- ]I=3/2, S=1, with delta
3S1,Λ=0.9GeV
3D1,Λ=0.9GeV
0.0 0.5 1.0 1.5 2.0 2.5
-2.0
-1.5
-1.0
-0.5
0.0
0.5
1.0
r [fm]
u(r)[
fm
-1/2
]
[ΣcN- ]I=1/2, S=1, with delta
3S1,Λ=1.1GeV
3D1,Λ=1.1GeV
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
-1.0
-0.5
0.0
0.5
r [fm]
u(r)[
fm
-1/2
]
[ΞccN- ]I=1, S=1, with delta
3S1,Λ=1.1GeV
3D1,Λ=1.1GeV
0.0 0.5 1.0 1.5 2.0 2.5
-1.0
-0.5
0.0
0.5
1.0
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u(r)[
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-1/2
]
[ΞccN- ]I=0, S=1, with delta
Fig. 3. The radial wave functions u(r) = y(r)r for states[ΣcN¯ ](
1, 1
2
/ 3
2 ) and [ΞccN¯ ]
(1,0/1)
to tens of MeV. The root-mean-square radius is around
0.8− 2.5 fm, which is comparable to that of the deuteron,
about 2 fm. For the [ΞccN¯ ]
(1,0/1) system, the delta in-
teraction has small effects, changing the binding energy
by a few MeV. The contribution of the D wave to the
state [ΞccN¯ ]
(1,1) is tiny, around 0.2% − 0.5% while for
the [ΞccN¯ ]
(1,0) system the probability of the D wave is
about 2%− 5%. All of the four states are supported to be
the candidates of the hadronic molecule by the one-boson-
exchange potential model.
For the molecules composed of hadron and anti-hadron,
there exit strong decay modes. The possible loosely bound
states with configuration of [BcN¯ ], can decay into one
D/D∗ together with some photons or light mesons. The
[ΞccN¯ ]-type hadronic molecules may decay into twoD/D
∗s
plus some photons or light mesons.
For the molecules composed of a heavy baryon and
nucleon, they can decay via the decay of their daughter
particles. For example, [ΣcN ] → ΛcNpi, Λc → pK−pi+.
Thus, the deuteron-like bound states of [ΣcN ] can be
searched by searching for its invariant mass in the final
states of NpK−pi+pi. The strong decay of [ΛcN ] is for-
bidden. Because the weak decay model Λc → pK−pi+
takes the largest fraction ratio, the loosely bound state
of [ΛcN ] can also be searched by searching for its in-
variant mass in the final state of NpK−pi+. The thresh-
old of ΞccN is below that of ΛcΛc, the strong decay of
[ΞccN ] is forbidden either. The favorable decay modes is
[ΞccN ]
(0,0) → ΛcK−pi+pi+p [42,63]. Some of these pos-
sible deuteron-like bound states may be searched for at
BelleII and LHCb in the near future.
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A Definitions of some functions and Fourier
transform formulae
The definitions of the functions Hi are [25],
H0(Λ,m, r) = Y (ur)− λ
u
Y (λr)− rβ
2
2u
Y (λr),
H1(Λ,m, r) = Y (ur)− λ
u
Y (λr)− rλ
2β2
2u3
Y (λr),
H2(Λ,m, r) = Z1(ur)− λ
3
u3
Z1(λr)− λβ
2
2u3
Y (λr),
H3(Λ,m, r) = Z(ur)− λ
3
u3
Z(λr)− λβ
2
2u3
Z2(λr), (38)
Lu Meng et al.: Possible hadronic molecules composed of the doubly charmed baryon and nucleon 9
where,
β2 = Λ2 −m2, u2 = m2 −Q20, λ2 = Λ2 −Q20,
and
Y (x) =
e−x
x
, Z(x) =
Å
1 +
3
x
+
3
x2
ã
Y (x),
Z1(x) =
Å
1
x
+
1
x2
ã
Y (x), Z2(x) = (1 + x)Y (x).
In our case all heavy hadrons have the same masses,
we have
Q20 =
(»
m2f + p
2
f −
»
m2i + p
2
i
)2
≈ (pi + pf )
2
Q2
4m2Ξcc
.
(39)
Thus Q20 is a high-order term and can be directly dropped
out.
Without the form factor, one makes Fourier transfor-
mation and obtains
1
u2 +Q2
→ e
−ur
4pir
=
u
4pi
Y (ur), (40)
Q
u2 +Q2
→ −i∇
( u
4pi
Y (ur)
)
= i
u3
4pi
Z1(ur)r, (41)
Q2
u2 +Q2
→ −u
3
4pi
Y (ur) + δ(3)(r), (42)
QiQj
u2 +Q2
→ − u
3
12pi
[Z(ur)kij + Y (ur)δij ] +
δij
3
δ(3)(r),
(43)
where kij = 3
rirj
r2 − δij . Clearly, there exist terms with
a delta function δ(3)(r) in Eqs. (42-43). In the current
work, we call these terms the contact interaction or delta
interaction.
After introducing the form factor, the Fourier trans-
formation formulae read
1
u2 +Q2
F2(Q)→ u
4pi
H0(Λ,m, r),
Q2
u2 +Q2
F2(Q)→ −u
3
4pi
H1(Λ,m, r),
Q
u2 +Q2
F2(Q)→ iu
3
4pi
rH2(Λ,m, r),
QiQj
u2 +Q2
F2(Q)→ − u
3
12pi
[H3(Λ,m, r)kij
+H1(Λ,m, r)δij ]. (44)
One can also get the results without the contact interac-
tion term by a simple replacement in the above equations,
H1(Λ,m, r)→ H0(Λ,m, r). (45)
B Matrix elements of the operators
In the present work, we encounter the following operators,
– Spin-spin operator:
σ1 · σ2, (46)
– Spin-orbit operator:
L · S, L · S1, L · S2, (47)
– Tensor operator:
S12(rˆ) = 3(σ1 · rˆ)(σ2 · rˆ)− σ1 · σ2. (48)
The derivation of matrix elements of these operators are
given in the Ref. [30]. We give the results as follows,
– Spin-singlet (S = 0):
σ1 · σ2 = −3, S12(rˆ) = 0,
L · S = 0, L · S1 = 0, L · S2 = 0, (49)
– Spin-triplet (S = 1):
σ1 · σ2 =
Ö
1 0
0 1
è
, S12(rˆ) =
Ö
0
√
8
√
8 −2
è
,
L · S = 2L · S1 = 2L · S2 =
Ö
0 0
0 −3
è
, (50)
C The BcN and BcN¯ systems
Throughout the work, we use Bc to denote the one-charm
baryon, Σc or Λc. For the ΣcN(N¯) systems, the pi-, ρ-
, ω- and σ-exchanges are permitted whereas only the ω-
and σ-exchanges are allowed for the ΛcN(N¯) systems. We
present the binding solutions for the spin-singlet BcN(N¯)
systems in Table 7 and those for the spin-triplet BcN(N¯)
systems in Table 8.
C.1 Spin-singlet (S = 0)
For the spin-singlet (S = 0) systems, we focus on the
ground state, namely the 1S0 channel. The isospin of the
ΛcN(N¯) system is
1
2 while that of the ΣcN(N¯) system is
either 12 or
3
2 . We denote the ΛcN system by [ΛcN ]
(S,I),
where S and I denote the spin and isospin respectively.
The other systems are denoted in a similar way. For the
[ΛcN ]
(0/1, 12 ) system, a systematic coupled-channel analy-
sis has already been given in Ref. [62]. We present them
again in the current work to be self-consistent. Without
the coupled-channel effects to the ΣcN(Σ
∗
cN) channels,
one could not obtain binding solutions. For the [ΣcN ]
(0, 12 )
system, the possible binding solutions depend strongly on
the cutoff and the delta interaction so we omit the re-
sults. For the [ΣcN ]
(0, 32 ), we obtain no binding solutions
and a loosely bound state is produced if one removes the
delta interaction. This loosely bound state has binding
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energy 1.08 < B.E. < 34.82 MeV for the cutoff to be
0.90 < Λ < 1.10 GeV. The root-mean-square radius is
1.01 < rrms < 4.05 fm, which indicates that it might be a
candidate of the molecular state.
For the [ΛcN¯ ]
(0, 12 ) system, only the ω- and σ-exchanges
are allowed by the symmetry. The corresponding interac-
tion potentials are shown in Fig. 4, from which one can see
clearly that both the ω and σ-exchanges provide attractive
force. Very interestingly, we obtain a loosely bound state
of [ΛcN¯ ]
(0, 12 ), no matter the delta interaction is included
or not. We also find that the delta interaction plays a mi-
nor role in the formation of the loosely bound [ΛcN¯ ]
(0, 12 ),
i.e., only changing the binding energy by a few MeV. For
example, the binding energy is 3.09 < B.E. < 56.51 MeV
for the cutoff to be 0.90 < Λ < 1.00 GeV with the to-
tal potential. With the same cutoff, the binding energy
is 2.51 < B.E. < 54.12 MeV if one neglects the delta in-
teraction. The [ΛcN¯ ]
(0, 12 ) should be taken as a promising
candidate of the hadronic molecule.
For [ΣcN¯ ]
(0, 12 ), the possible bound state is also very
sensitive to the cutoff. After removing the delta interac-
tion, no binding solutions are obtained. Thus [ΣcN¯ ]
(0, 12 )
is not a good candidate of the molecular state.
The [ΣcN¯ ]
(0, 32 ) system is very interesting. We obtain a
loosely bound state both with and without the delta inter-
action. We show the interaction potentials in Fig. 4, from
which one can see clearly that the pi-, ω- and σ-exchanges
generate the attractive force. With the full interaction, the
binding energy is 10.78 < B.E. < 70.82 MeV for the cutoff
to be 0.80 < Λ < 0.90 GeV. If one neglects the delta inter-
action, the binding energy is 0.56 < B.E. < 52.17 MeV for
the cutoff to be 0.90 < Λ < 1.00 GeV. The corresponding
root-mean-square radius is 0.73 < rrms < 1.44 fm and
0.85 < rrms < 4.63 fm respectively, which is comparable
to that of the loosely bound deuteron, around 2 fm. The
[ΣcN¯ ]
(0, 32 ) system should be taken as a candidate of the
loosely bound state.
C.2 Spin-triplet (S = 1)
In the spin-triplet sector, both the 3S1 and
3D1 chan-
nels are considered because of the tensor force. Different
from the spin-singlet case, we additionally calculate the
probability of the S wave. We present the binding so-
lutions in Table 8. Similar to the spin-singlet case, one
can refer to Ref. [62] for a systematical coupled-channel
analysis of [ΛcN ]
(1, 12 ). Without the coupled-channel ef-
fects in the flavor space, one could not obtain binding
solutions. For the [ΣcN ]
(1, 12 ) system, we could not find
binding solutions with the full interaction and obtain a
loosely bound state after removing the delta interaction
from the total potential. The binding energy is 1.57 <
B.E. < 29.86 MeV with the cutoff parameter 0.80 <
Λ < 1.20 GeV. The root-mean-square radius is 1.15 <
rrms < 3.62 fm, which indicates that [ΣcN ]
(1, 12 ) can form
a hadronic molecules with the meson-exchange potential.
For this state, the probability of the D wave is round
5%. For the system [ΣcN ]
(1, 32 ), with the full potential the
binding solutions depend strongly on the cutoff whereas
no binding solutions are obtained without the delta inter-
action. Thus [ΣcN ]
(1, 32 ) is not supported to be a candidate
of the hadronic molecule.
The results of ΛcN¯ do not depend on the spin be-
cause the tensor force is vanishing for the spin-triplet case.
The results of [ΛcN¯ ]
(1, 12 ) are exactly the same as those of
[ΛcN¯ ]
(0, 12 ). The [ΣcN¯ ] system is very interesting. For both
states (S, I) = (1, 12 ) and (1,
3
2 ), we obtain loosely bound
states, no matter the delta interaction is considered or
not. We show the interaction potentials in Fig. 5. From the
plots, one can see clearly that the pi- and σ-exchanges gen-
erate the attractive force for [ΣcN¯ ]
(1, 12 ) while the ρ- and
σ-exchange provide the attractive force for [ΣcN¯ ]
(1, 32 ).
The ω-exchange provides the repulsive force in the short
range and attractive force in the long range for both of the
two states. The contribution of the D is around 10%−15%
for [ΣcN¯ ]
(1, 12 ) and 2%− 3% for [ΣcN¯ ](1, 32 ). Both of these
two systems can form hadronic molecules with the meson-
exchange potential.
In our calculation, we adopt the CD-Bonn potential
model. Specifically, the pi exchange provides the long-range
force, the σ exchange supplies the medium-range poten-
tial and the heavier vector meson (ρ, ω and φ) exchanges
account for the short-range forces. In addition to the CD-
Bonn one-boson-exchange potential (OBEP) model, there
are also other OBEP approaches applied to the studies
of the charmed-baryon-nucleon systems. For example, the
Nijmegen group proposed an OBEP model with phenomeno-
logical hard-core potentials at short distance and applied
it to the nucleon-nucleon and hyperon-nucleon systems
[64,65]. Following the Nijmegen OBEP approach, Dove
and Kahana studied the possibility of the charmed baryons,
Bc(Λc, Σc, Ξc, Ξ
′
c), bind to a nucleon in [66], Bahmathit
analyzed the three-body system BcNN as well as BcN
in [67], and Bando and Nagata investigated bindings of
the Bc − α systems [68]. In these three calculations, the
SU(3) symmetry used in the Nijmegen potential was ex-
tended to SU(4) in order to include the charmed baryons
and mesons, although the charmed D and D∗ exchanges
are not important because of their heavy masses. Re-
cently, Maeda et al. constructed a potential model (called
“CTNN”) in which the long-range force arises from the pi
and σ exchanges while the short-range repulsion is evalu-
ated by a quark cluster potential. Additionally, a monopole
type form factor is introduced to the long-range potential
to reflect the extended structure of hadrons [69]. We take
the coupling constants Cσ for σ exchange and parameter
b for Gaussian potential in the quark cluster model as two
running parameters. In our calculations, we take four sets
of parameters,
– Set a: Cσ = −67.58, b = 0.6fm;
– Set b: Cσ = −77.50, b = 0.6fm;
– Set c: Cσ = −60.76, b = 0.5fm;
– Set d: Cσ = −70.68, b = 0.5fm.
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Table 7. The binding solutions for the spin-singlet BcN and BcN¯ systems. “Λ” is the cutoff parameter. “B.E.” means the
binding energy while rrms is the root-mean-square radius.
With contact interaction Without contact interaction
Systems Λ (GeV) B.E. (MeV) rrms (fm) Λ (GeV) B.E. (MeV) rrms (fm)
[ΣcN ]
(0, 32 )
× × × 0.90 1.08 4.05
1.00 12.06 1.52
[
ΣcN¯
](0, 32 ) 0.80 10.78 1.44 0.90 0.56 4.630.90 70.82 0.73 1.00 52.17 0.85
[
ΣcN¯
](0, 12 ) 1.00 1.85 3.38 × × ×
1.05 58.06 0.78
[
ΛcN¯
](0, 12 ) 0.90 3.09 2.58 0.90 2.51 2.811.00 56.51 0.85 1.00 54.12 0.86
πσρ
ω
total
w/o delta
0.0 0.5 1.0 1.5
-0.8
-0.6
-0.4
-0.2
0.0
0.2
r[fm]
V
11
[GeV
]
[ΣcN- ]I=3/2,S=0, Λ=1.3GeV
σω totalw/o delta
0.0 0.5 1.0 1.5
-0.6
-0.4
-0.2
0.0
0.2
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V
11
[GeV
]
[ΛcN- ]I=1/2,S=0, Λ=1.0GeV
Fig. 4. The interaction potentials for the spin-singlet (S = 0) BcN and BcN¯ systems. “w/o” means the delta interaction is
removed from the total potential.
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-0.6
-0.4
-0.2
0.0
0.2
0.4
r[fm]
V
11
[GeV
]
[ΣcN- ]I=3/2,S=1, Λ=1.0GeV
πσρ
ω
total
w/o delta
0.0 0.5 1.0 1.5
-0.8
-0.6
-0.4
-0.2
0.0
0.2
r[fm]
V
11
[GeV
]
[ΣcN- ]I=1/2,S=1, Λ=0.9GeV
Fig. 5. The interaction potentials for [ΣcN¯ ](
1, 1
2 ) and [ΣcN¯ ](
1, 3
2 ). Since the S wave plays the dominant role, we only plot the
interaction for the 3S1 channel. “w/o” means the delta interaction is removed form the total potential.
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Table 8. The binding solutions for the spin-triplet BcN and BcN¯ systems. “Λ” is the cutoff parameter. “B.E.” means the
binding energy while rrms is the root-mean-square radius. PS is the probability (%) of the S wave.
With contact interaction Without contact interaction
Systems Λ (GeV) B.E (MeV) rrms(fm) PS (%) Λ (GeV) B.E (MeV) rrms (fm) PS (%)
[ΣcN ]
(1, 32 )
1.12 3.70 1.97 99.47 × × × ×
1.15 17.51 0.92 99.81
1.18 45.87 0.60 99.92
[ΣcN ]
(1, 12 )
× × × × 0.80 1.57 3.62 96.32
1.00 17.85 1.40 93.94
1.20 29.86 1.15 94.30
[
ΣcN¯
](1, 32 ) 0.90 1.17 3.91 98.51 0.90 6.24 1.98 97.85
1.00 36.70 1.03 96.91 1.00 54.76 0.88 97.13
[
ΣcN¯
](1, 12 ) 0.80 17.31 1.39 90.54 0.80 1.66 3.43 92.27
0.90 88.98 0.83 85.11 0.90 81.77 0.86 84.63
[
ΛcN¯
](1, 12 ) 0.90 3.09 2.58 100 0.90 2.51 2.81 100
1.00 56.51 0.85 100 1.00 54.12 0.86 100
A coupled-channel effect, ΛcN ↔ ΣcN ↔ Σ∗cN , is also
included in this calculation. We make a comparison of
the present results with those of the previous studies, see
Table 9. From the comparison, one can see clearly that
the results of ΛcN are model-dependent in the “CTNN”
approach even if the coupled-channel effect, ΛcN−ΣcN−
Σ∗cN , as well as the coulomb potential are included whereas
the CD-Bonn OBEP model does not support ΛcN to form
a bound state without coupling to ΣcN and Σ
∗
cN . From
our results, the system [ΣcN ]
(0, 32 ) can be viewed as a can-
didate of the hadronic molecule, although the results de-
pend slightly on how the delta potential is dealt with. This
is consistent with the results from [66].
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